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Abstract
About 30% of world’s rice areas are affected by 
salinity. Salinity is among the soil factors suggested 
to inﬂ uence methane (CH4) emission from rice ﬁ elds. 
The amendment of calcium (Ca) has been widely 
adopted to ameliorate the negative impact of salin-
ity, while its impact on CH4 emission is unknown. 
Therefore, the impact of salinity and Ca amendment 
upon CH4 production was investigated in this study. 
The salinity levels were 0, 10(S10), 30(S30), 60(S60) 
and 90(S90) mmol L-1NaCl. Methane production po-
tential was higher in S30 level than control while S90 
showed the minimum production by incubation. As 
the inﬂ uence of Ca amendments, gypsum (GM) and 
poultry manure (PM) was analyzed in a pot experi-
ment with rice plants, CH4 emission in control and 
PM was not signiﬁ cant different but GM showed sig-
niﬁ cantly lower value (about 56%) than control and 
PM. In saline treatments, all treatments in S90 levels 
showed minimum emission. Methane emission in 
S30 without amendments was lower than non-saline 
control and PM, but it was not signiﬁ cantly different. 
The CH4 emission was closely related to the amount 
of dead leaves. These results showed that lower CH4 
emission in S30 was not due to suppression of CH4 
production potential, but lower above plant biomass 
yield under saline condition, while the lower CH4 
emission in S90 was due to both lower CH4 produc-
tion potential and lower above plant biomass yield.
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Introduction
Methane (CH4) is a powerful greenhouse gas that 
has profound impact on the physico-chemical proper-
ties in atmosphere leading to global climate change. 
Methane is produced under anaerobic environments 
by obligate anaerobic microorganisms through either 
CO2 reduction or transmethylation processes (Hou et 
al., 2000). Because of the ﬂ ooding condition required 
for the cultivation, paddy ﬁ elds are known to be one 
of the main anthropogenic sources of CH4 gas (Dubey, 
2005). In rice soil, acetate and hydrogen/carbon di-
oxide are the major substrates for CH4 production. 
These substrates are primarily from rice plants via 
root exudation, root senescence and plant litter (Lu et 
al., 1999). Moreover, CH4 produced during the rice 
cropping season is emitted to the atmosphere by plant 
mediated transport system, ebullition and diffusion. 
Out of these three systems, plant-mediated transport 
is the primary mechanism for the emission of CH4 
from rice paddies, with as much as 90% of CH4 trans-
ported to the atmosphere through the aerenchymal 
system of the rice plants. Therefore, ﬂ ooded rice pad-
dies ﬁ elds play a signiﬁ cant role of CH4 emission and 
it occupies 10% of global anthropogenic CH4 emis-
sion. 
However, the amount of CH4 emission depends 
upon several parameters such as water management, 
soil type and cultivars etc. (Purkait et al., 2007). Sa-
linity is one of the soil factors inﬂ uencing soil micro-
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bial activities including methanogenisis (Pattnaik et 
al. 2000). Of the 130 million hectares of land where 
rice is grown, about 30% contain too high level of 
salts to allow normal rice yield (Mishra, 2004). And 
also rice is mainly grown in delta and coastal region 
of the tropics. In these regions, salinity is the major 
limiting factors of the rice production due to peri-
odic sea water intrusion and irrigation water salinity 
in summer rice cultivation. Therefore, the objective 
of this study was to study the inﬂ uence of irrigation 
water salinity levels on CH4 emission and to evaluate 
CH4 emission by applying different Ca amendments 
to Na-salinized paddy soil under rice cultivation.
Materials and Methods
1. Laboratory Incubation Experiment
A composite soil sample was collected from 0-15 
cm depth at Field Museum Fuchu Honmachi, Field 
Science Center, Tokyo University of Agriculture and 
Technology. The soil was put in refrigerator until the 
incubation experiment. There were 5 salinity lev-
els; control, 10(S10), 30(S30), 60(S60) and 90(S90) 
mmol L-1 NaCl with 4 replications. Wet soil (20g) 
was put in to 100 ml conical ﬂ asks and then ﬂ ooded 
with 20 ml of tap water or different levels saline 
water according to the treatments. The conical ﬂ asks 
were ﬁ tted with rubber stoppers that have two tubes 
to facilitate for flushing with N2 gas, collecting gas 
samples. These ﬂ asks were kept in an incubator at 30
·C for a period of 21 days and gas samples were col-
lected 2, 4, 7, 14, and 21 days after incubation. The 
nitrogen gas ﬂ ushes were carried out one day before 
and immediately after the sampling at 250 ml min-1 
for 3 min. Just before sampling, the conical flasks 
were shaken to drive out the CH4 entrapped within 
the soil. 
2. Pot Experiment
To conﬁ rm and evaluate the impact of salinity upon 
CH4 emission, salinity levels 30 mmol L
-1 and 90 
mmol L-1 NaCl were selected from incubation ex-
periment and studied under rice cultivation with pot 
experiment. It was conducted at Field Museum Fuchu 
Honmachi. There were 9 treatments and 3 replica-
tions; control, 30 mmol L-1 NaCl (S30), 90 mmol L-1 
NaCl (S90), gypsum 1 ton/ha (GM), poultry manure 
2.08 ton/ha (PM), 30 mmol L-1 NaCl plus gypsum 
(S30-GM), 30 mmol L-1 NaCl plus poultry manure 
(S30-PM), 90mmol L-1 NaCl plus gypsum (S90-GM) 
and 90 mmol L-1 NaCl plus poultry manure (S90-PM). 
All treatments were arranged in randomized com-
plete block design. About 21 days old seedlings were 
transplanted in plastic pots with a diameter of 30 cm 
and 20 cm height, which were ﬁ lled with (8kg) soil. 
Puddling was done by irrigating the pots twice on 
alternate days with salt solutions (30 and 90 mmol L-1 
NaCl) or with tap water (control). About 40 kg P/ha 
and 70 kg K/ha were applied at the time of ﬁ nal pot 
preparation.70 kg N/ha was applied in 3 equal splits 
at active tillering, panicle initiation and flowering 
stage. Equal amount of nutrient levels were adjusted 
in all treatments. About 2-3 cm of water will be main-
tained in the pots until crop maturity by irrigating 
regularly with assigned NaCl concentration. 
Results and Discussion
1. Laboratory incubation Experiment
The addition of NaCl up to 30 mmol L-1 increased 
in methane production (Fig. 1). The increase of CH4 
production in salinity S10 and S30 was 1.2 times and 
2 times higher than control, respectively. At higher 
salinity levels (S60 and S90), CH4 production was 19 
to 33% lower than control. It might be due to the so-
dium requirement of methanogens. Ramakrishnan et 
al. (1998) also observed that addition of 27mM NaCl 
to illuvial soil caused almost a two-fold increase in 
methane production over that of control and higher 
addition of NaCl  (54, 135 and 274 mM) causing 
about 50% reduction in CH4 production. According to 
the report of Jarrell and Kalmokoff (1988), sodium is 
required for amino acid transport, growth, methano-
genesis, and internal pH regulation in methanogenic 
bacteria. However, the quantum of sodium require-
ment varies widely among methanogens.  In this ex-
periment, the addition of 30 mmol L-1 NaCl provided 
the methanogenesis for the highest CH4 production 
among the treatments.
2. Pot Experiment
(a) Changes of Soil Environments under  irrigation 
water salinity and Ca amendments
The range of soil temperature was 20.7 to 35 ˚C 
and there was no big difference in soil temperature 
values among the treatments. Eh values lay in the 
range of -280 to -417 mV. Wang et al., (1993) dem-
onstrated that the critical Eh value for CH4 produc-
tion is below -150 mV. The differences in pH values 
can be found only until 3 weeks after transplanting 
Theint et al.
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as shown in Fig. 2. After that there was no big differ-
ence in pH values and it remained in the range of 5.3 
to 7. 4. Generally, methanogens grow best in neutral 
or slightly acidic medium (Oremland et al., 1982). 
Therefore, soil environmental factors were favorable 
for methane production.
(b) Infl uence of Salinity and Ca amendments upon 
above plant biomass yield
Total numbers of dead leaves were higher in saline 
treatments than non-saline treatments (Fig. 3a). In 
non-saline treatments, there was no significant dif-
ference in total number of dead leaves among the 
treatments. In saline treatment, total number of dead 
leaves for all treatments in S90 was significantly 
lower than those in S30. This lower number of dead 
leaves in S90 was due to shorter duration of growth 
period than other treatments. There was no signiﬁ cant 
difference in S30 with and without amendments. 
Generally dry matter yields in non-saline treat-
ments were higher than those in saline treatments (Fig. 
3b). In non-saline treatments, dry matter yield in PM 
was signiﬁ cantly lower than control and GM. Poultry 
manure has high N content (about3gN/100g PM). In-
organic fertilizer Nitrogen was not added in PM treat-
ment. Therefore, lower dry matter yield in PM might 
Fig.1. CH4 production potential of soil under different salinity levels
Fig.2. Changes of soil pH during the rice growing season
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be due to the lower availability of inorganic N from 
the mineralization of organic manure (PM) at vegeta-
tive stage. 
Addition of amendment did not improve the dry 
matter yield in saline treatments. Suriyan Cha-um 
et.al, (2011) observed that the remediation of saline 
soil (ECe 12.5 dSm-1) with gypsum 65 g/m2 improved 
the paddy yield compared with control (saline soil 
without amendment) in a ﬁ eld trial. However, in case 
of irrigation water salinity with pot experiment, con-
tinuous application of saline irrigation water resulted 
in accumulation of NaCl salts in the root zone day 
after day. Moreover, it was impossible for leaching 
of NaCl salts from the pots. Therefore, addition of 
amendments has little effect upon rice growth under 
irrigation water salinity in this pot experiment
(c) CH4 emission under salinity and different Ca 
amendments
The addition of GM (CaSO4.2H2O) reduced CH4 
emission by 56% compared with control (Fig. 4). 
Gypsum contains sulphur, which suppresses CH4 
production in rice paddies as shown by laboratory 
studies (Van Bodegom and Stams 1999) and field 
experiments (Denier van der Gon and Neue 1994). 
The extent of suppression depends on both acetate 
(CH3COO
-, Ac) and SO4 concentrations (Gupta et al. 
1994). In non-saline treatments, CH4 emission in con-
trol and PM was not statistically signiﬁ cant different. 
Corton et al. (2000) also observed that the application 
of poultry manure with urea fertilizer could not in-
crease CH4 emission because of its narrow C/N ratio 
which was about 5 to 6.  
In saline-treatments, minimum CH4 emission was 
found at S90 with or without amendments. It might 
be due to the low methanogenic activity, shorter 
growth duration and lower above plant biomass yield 
under very high saline condition. 
The amount of CH4 emission in S30 without 
amendment was 6%lower than control and PM, but 
was not significantly different. However, the above 
plant biomass yield in S30 was 49% lower than con-
trol. According to the result that was observed in the 
incubation experiment, CH4 production in S30 was 
higher than control. Therefore, S30 did not suppress 
CH4 production potential but the lower amount of 
emission was might be due to lower above plant bio-
mass yield which led to fewer organic material as C 
source. In addition, the path way of CH4 was limited 
in S30 because rice plants are the main conduct for 
CH4 transport from soil to atmosphere and more than 
90% of the CH4 is emitted through plant transport in 
temperate rice ﬁ elds (Dubey, 2005).
The addition of GM or PM at S30 reduced in CH4 
emission about 53 to 33% respectively compared 
with control. The difference in the extent of reduc-
Fig.3. Effect of salinity and Ca amendments upon above plant biomass yield; (a) total number of dead leaves, (b) 
dry matter yield
Means followed by a common letter are not signiﬁ cantly different at p < 0.05 by Duncan’s multiple range 
test (DMRT).Error Bars indicate Standard Deviation.
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Fig.4. Effect of salinity and Ca amendments upon total CH4 emission for whole crop season
Means followed by a common letter are not signiﬁ cantly different at p < 0.05 by Duncan’s multiple range 
test (DMRT). Error Bars indicate Standard Error.
tion in CH4 emission might depend upon the extent 
of SO4 content and the availability of organic carbon 
substrate for the growth of methanogens.
Conclusion
The continuous application of saline irrigation wa-
ter inhibited the rice growth for both salinity levels; 
S30 and S90 with or without amendment. Salinity 
90 mmol L-1 NaCl (S90) could suppress CH4 emis-
sion by lower CH4 production potential and lower 
biomass. The addition of saline irrigation water up 
to salinity 30 mmol L-1 NaCl level was more favor-
able for methane production as found by the incuba-
tion experiment. However, the lower amount of CH4 
emission in S30 compared with control under rice 
cultivation is due to the lower above plant biomass 
yield. Therefore, the reduction of CH4 emission from 
rice cultivation under saline condition did not depend 
only upon salinity level but also above plant biomass 
yield. The application of sulfate containing amend-
ment; GM and low C/N ratio organic manure; PM 
under saline condition did not enhance CH4 emission. 
However, the extent of reduction in CH4 emission 
depends upon sulfate content and the organic carbon 
availability of each amendment.
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